Interstitial pneumonitis in immnnosuppmsd patients demands prompt diagnosis and treatment. In an ef= fort to achieve a simple yet highly .ccarrrte method of diagnosis, we have evaluated the w e f o h m of thoraeoe copic examination. onset of pulmonary symptoms, and underlying diagnoses included acute leukemia ( 12 patients), lymphoma (six patients), sarcoma (four patients), renal transplant (one patient ), and systemic lupus erythematosus ( one patient ).
however, as a consequence of this vigorous therapy, many complications have been encountered. Perhaps the most difficult of these to manage successfully has been the development of diffuse pulmonary infiltrates. These children are frequently critically ill, and early diagnosis is essential for successful treatment. Dissatisfied with the safety and accuracy of previous techniques for diagnosis in these young patients, we have evaluated the usefulness of thoracoscopy in securing an early histologic and microbiologic diagnosis.
Since July 1975, we have performed 27 thoracoscopic procedures in 24 immunosuppressed patients at the Shands Teaching Hospital of the University of Florida ( Table  1) . The patients have ranged in age from 17 months to 18 years and have included 14 boys and ten girls. AlI of the children were receiving immunosuppressive therapy at the onset of pulmonary symptoms, and underlying diagnoses included acute leukemia ( 12 patients), lymphoma (six patients), sarcoma (four patients), renal transplant (one patient ), and systemic lupus erythematosus ( one patient ).
Patients were selected for thoracoscopic examination on the basis of radiologic pulmonary findings or unexplained clinical symptoms of pulmonary infection. No patient was refused a thoracoscopic procedure on the basis of clinical condition or abnormal clotting factors. Clinical symptoms and signs of significant pulmonary involvement included unexplained fever, nonproductive cough, tachypnea and significant dyspnea with alar flaring, intercostal retractions, and period cyanosis. The duration of pulmonary symptoms was variable (three days to five weeks) and was not useful as a diagnostic criterion. Studies of arterial blood gas levels usually demonstrated significant hyporia (arterial oxygen tension less than 50 rnm Hg) and hypocapnia (arterial carbon dioxide tension less than 30 mm Hg). The radiologic findings in this group of patients were extremely variable, and no consistent pattern was observed. One patient ultimately proven to have pneumonia due to Pneumocystis cun'nii had a nearly normal chest x-ray film, despite the presence of considerable tachypnea, fever, and dyspnea, while several patients were found to have extensive bilateral interstitial involvement on chest roentgenograms, only some of whom were ultimately proven to have pneumonia due to P cminii.
The surgical technique of the thoracoscopic procedure has been described in detail in a previous comrnunication.1 The instruments used are designed specifically for pediatric laparoscopic examination (Fig 1) . All procedures were performed in the operating room with anesthesia personnel in attendance. Patients were allowed nothing per as for at least four hours prior to the procedure and received standard anesthetic premeditation consisting of combinations of atro- pine (.02 mg/kg of body weight), pentobarbital sodium (Nembutal) 4 mg/kg, and mependine hydrochloride (Demerol) ( 1 m a g ) one hour prior to transport to the operating room. The surgical procedures were performed under anesthesia with intravenously administered ketamine ( 2 mghg), with additional fentanyl given intravenously for restlessness encountered during the procedure. Local anesthesia consisting of a 1 percent solution of lidocaine (Xylocaine) was used in the area of insertion of the trocar through the wall of the chest Patients were allowed to spontaneously breathe 100 percent oxygen during the thoracoscopic procedure, and none required endotracheal intubation. After insertion of the first thoracoscopic trocar and examination of the entire hemithorax with the thoracoscopic telescope, biopsies were obtained through a second trocar from areas of obvious idammatory involvement. Acute pulmonary inflammation was usually indicated by a violaceous diswloration of the visceral pleural surface. In patients subsequently documented to have pneumonia due to P carinii, the lung had a very pale and edematous appearance, with blunting of the lobar margins within the fissures (Fig 2) . Characteristically, these lungs were also stiff and noncompliant. In the absence of localized areas of involvement, at least one biopsy was obtained from each lobe. On the average, five specimens were obtained from each of these patients. Using insdated biopsy forceps, the pulmonary surface could be electrocoagulated if bleeding occurred following biopsy. A 14gauge to 20-gauge intercostal tube was inserted through the tract of one trocar at the completion of the procedure and was left to underwater-seal drainage until leakage of air ceased. SufEcient tissue was obtained from every patient for an accurate histologic or bacteriologic diagnosis. Pneumocystis ccrrinii organisms were identified on tissue imprints in 18 biopsies, for an overall incidence of 67 percent ( 18/27). The imprints stained with toluidine blue appeared to provide as accurate a diagnosis for these organisms as those stained with methenamine silver nitrate. The remaining nine biopsies revealed interstitial fibrosis with hyperplasia of the alveolar lining cells that was thought to be secondary to irradiation or chemotherapy (five patients), interstitial pneumonitis (two patients), or bacterial or viral pneumonia (two patients).
All
Surgical mortality, defined as death within 30 days of the thoracoscopic procedure, occurred in five patients (19 percent). These patients died between three and ten days following the thoram scopic procedure, but in no instance was it believed that the procedure itself had in any way contributed to the patient's death. One child (patient 4) was suspected initially of having pulmonary toxic effects due to administration of methotrexate, but his condition failed to respond to therapy with prednisone. After 30 days of symptoms, the thoracoscopic procedure revealed pneumonia due to P carinii. Following ten days of therapy, the patient died due to fulminant pulmonary infection. Two other children had pneumonia due to P carinii (patients 12 and 14), which failed to respond to therapy with sulfarnethoxazole-trirnethoprim (Septra) and pentamidine, and they died three and ten days following biopsy. One child with extensive lymphoma and disseminated intravascular coagulation syndrome (patient 22) was found to have evidence of pulmonary drug toxic effects on biopsy. Seven days following biopsy, he died due to progressive respiratory i n d c i e n c y . The other patient to die without pneumonia due to P carinii (patient 11) was being treated for acute leukemia and was in relapse when he developed rapidly progressing interstitial pneumonia. Biopsy revealed interstitial fibrosis and bronchopneumonia. The patient died due to unrelenting pulmonary insufficiency three days following biopsy.
In spite of placement of intercostal tubes in all patients at the conclusion of the thoracoscopic procedure, difficulty with the accumulation of a pneumothorax was encountered in four instances following biopsy ( 15 percent). Three of these children had pneumonia due to P carinii on biopsy, and it was believed that the pneumothorax was yet another indication of the poor compliance of their edematous lungs. Two of the pneumothoraces responded to simple manipulation of the initial chest tube, and two required insertion of new tubes. In two other children (patients 20 and 18), bronchopleural leaks were prolonged, requiring chest tube drainage for 10 and 12 days, respectively.
Significant hemorrhage has been encountered in only two patients, despite the fact that no attempt was made to correct thrombocytopenia prior to the thoracoscopic procedure. One patient (patient 5 ) had a chronic anemia following renal transplantation and required blood transfusion after losing 150 ml of blood. The second patient (patient 22) had disseminated intravascular coagulation syndrome at the time of the thoracoscopic procedure and had a postoperative hemorrhage of 500 ml replaced. No late complications from the thoracoscopic procedures have been identifled. Three patients (patients 8,15, and 17) subsequently required a second thoracoscopic procedure for recurrent symptoms, and no significant adhesions were encountered in the previously thoracoscoped hemithorax to hinder the second procedure.
The differential diagnosis of pulmonary symptoms and radiologic infiltrates developing in irnmunosuppressed patients involves a lengthy and heterogeneous list of possibilities. Successful management requires an early and accurate diagnosis. The experience outlined in this report, as well as that of others, has indicated that the difFerential diagnosis cannot reliably be made on clinical or radiologic criteria because of the considerable variability of the signs and symptoms of all of these processes within these immunosuppressed hosts. Although some of these diagnoses, such as bacterial. and fungal pneumonias, are infectious in origin and may be diagnosed with procedures for aspiration, many are from other causes, such as drug-induced and radiation-induced pneumonitis, and require biopsy of tissue for diagnosis. Because of the critical condition of many of these patients and the rapidity of progression of these processes, most physicians have sought a safe technique with a very high degree of accuracy for making these diagnoses with a single procedure.
Difficulties in obtaining adequate tissue for diagnosis are compounded in the pediatric patient because of the uncooperative nature of the subjects and the small size of the structures involved. Techniques that have been successful for physicians caring for adult patients, such as transbronchial pulmonary biopsy2 and transthoracic trephine b i~p s y ,~ are unsuitable for use in small children. Pulmonary aspiration via a needle has been widely used in children, primarily to determine the presence of pneumonia due to P carinii; but even in the most experienced hands, the diagnostic accuracy in detecting this organism is only 97 p e r~e n t .~ In addition, the morbidity associated with transthoracic needle aspiration, principally in the form of pneumothorax, may be as high as 57 percent, with approximately 30 percent of these patients requiring a tube thoracostomy for drainage;5 however, perhaps more si@-cant is the fact that this procedure does not yield tissue for pathologic evaluation in the patients not found to have pneumonia due to P carinii. Open lung biopsy has been the standard technique for obtaining pulmonary tissue in children since the initial description of a simplified technique by Klassen et Considering the limitations of these techniques, we believe that the thoracoscopic procedure offers several advantages in the diagnosis of interstitial pulmonary involvement in immunosuppressed children. Thoracoscopy is a simple technique and can be performed rapidly. It is therefore suitable for use in the most critically ill patients. By using intravenously administered anesthetic agents and local anesthesia and by avoiding endotracheal intubation, many postoperative respiratory complications are eliminated. The thoracoscopic procedure affords the surgeon and pathologist a view of the entire pulmonary surface and allows multiple directed biopsies of areas of involvement. A sizable enough sample of tissue may be obtained to allow an accurate diagnosis in 100 percent of these patients. The complications noted following the thoracoscopic procedure, ie, hemorrhage (two patients) and pneumothorax (four patients ), have been mild and easily managed. The overall incidence of complications with the thoracoscopic procedure (22 percent; 6/27) compares favorably with any other procedure available for histologic diagnosis. In this series, the observed "surgical" mortality of 19 percent (51 27 ) actually reflects the mortality of the underlying disease, as none of the patients' conditions worsened directly as a result of this procedure. The overall rate of survival of 83 percent (15118) in our patients with pneumonia due to P carinii indicates that successful therapy for this infection is possible if early diagnosis is achieved By providing a safe, simple, and highly accurate method of definitive pulmonary diagnosis in immunosuppressed children, thoracoscopy has stimulated an early and aggressive approach to the diagnosis and treatment of these patients.
